Introduction
Vascular pathology in Leber's hereditary optic neuropathy (LHON) has been previously shown (1) (2) (3) . These studies have looked at LHON across all mutational subtypes as a whole without assessing the severity of vascular attenuation attributed to the individual subtypes of LHON mitochondrial DNA (mtDNA) mutations. Among the three primary mtDNA mutations, namely 11778, 14484, and 3460, LHON 3460 is the most rare and historically recognized as having the poorest visual prognosis (4) . Individual reports of vascular changes in LHON 11778 and 14484 have been shown (5-7), however, an isolated vascular evaluation of the LHON 3460 primary mutation variant is lacking. Fundus photographs or fluorescein angiography have historically been used to describe oculovascular alterations in LHON (8) (9) (10) (11) (12) . Optical coherence tomography angiography (OCTA), a novel imaging modality, can be used to noninvasively evaluate the peripapillary retinal and vascular circulations without the need for dye injection (13) . Our laboratory has recently shown that assessing vascular changes in mitochondrial optic neuropathies using OCTA may
Summary
The In contrast to 11778 and 14484, there are currently no clinical trials for the 3460 mtDNA mutation, the most severe of the three primary LHON mutations (4). Therefore, further evaluation of vascular parameters in mitochondrial optic neuropathies may be warranted to serve as an objective measure of disease progression, and monitoring the efficacy of purported therapies. Given the severe nature of the 3460 mtDNA mutation, we hypothesized that vascular attenuation would similarly be more severe in LHON 3460 expanding beyond the classically observed temporal peripapillary region. We hereby report the optic nerve head (ONH) and peripapillary microvasculature changes associated with LHON 3460 using an advanced imaging modality known as OCTA.
Case Report
A 22-year-old male with LHON, genetically confirmed for the 3460 mtDNA mutation, presented to the Doheny Eye Center in September 2018 with a 2-month history of vision loss beginning with the left eye, followed by vision loss in the right eye one month later. Family history was significant for bilateral vision loss in the mother's cousin at age 30. The patient endorsed alcohol consumption amounting to two to three bottles of beer per day. The patient also had a one-year history of exposure to kitchen smoke, having an occupation as a restaurant server. The patient began Idebenone 250 mg PO TID and was scheduled for a 6-month follow up. Best-corrected visual acuities (BCVA) were 20/200 in the right eye (OD) and 20/400 in the left eye (OS). Fundus examination revealed temporal pallor, peripapillary telangiectasias, and pseudo-edema in both eyes (OU) (Figures 1 A and 1E ). Pupils were equal and reactive to light with no afferent pupillary defects. The patient exhibited dyschromatopsia on Ishihara plate testing, scoring 5/14 OD and 2/14 OS. Humphrey visual field (HVF) testing showed mild, bilateral cecocentral scotomas ( Figures 1B and 1F) . Structural OCT displayed bilateral retinal nerve fiber layer (RNFL) pseudoedema ( Figures 1C and 1G ) and retinal ganglion cell complex (RGCC) thinning (Figures 1D and 1H) . OCTA images of the ONH and peripapillary superficial vasculature were obtained using Spectral Domain-OCT (Cirrus HD-OCT, software V.6.0; Carl Zeiss Meditec, Inc., Dublin, CA, USA; the scan size of the optic nerve head was 6 × 6 mm). The same set of images were acquired for the patient's 38-year-old mother, sharing the mtDNA 3460 mutation, though asymptomatic with no significant past medical history, thus serving as a control and compared (Figure 2 ). Close inspection of the superficial vascular networks demonstrated visible attenuation of the temporal microvascular networks of the ONH and peripapillary area (yellow circles) along with peripapillary telangiectatic blood vessels and vascular tortuosity (yellow arrows) greater for the patient's right ( Figure 2B ) and left eyes (Figure with the asymptomatic carrier, the temporal and nasal peripapillary microvasculature remained intact. In addition, nasal perfusion defects were more severe for the subacutely affected left eye ( Figures 2C and 2F ) compared to the acutely affected right eye ( Figures  2B and 2E ). Our laboratory recently investigated the vascular parameters in late disease stages in patients with chronic LHON (2). In the current case, however, we report the presence of nasal peripapillary vascular pathology even in the early stages of disease. These nasal peripapillary defects have not been observed in previously reported cases of in LHON 11778 and 14484 (5,7), which are classically referred to as less severe subtypes of LHON and exhibit vascular attenuation solely in the temporal peripapillary region. Further, OCTA of the asymptomatic LHON 3460 carrier revealed circumpapillary microangiopathy. This is consistent with previous studies and further confirms the subclinical vascular changes historically observed funduscopically in asymptomatic carrers (11, 17) .
Our findings demonstrate that the poor disease course characteristic of LHON 3460 is similarly reflected in the severity of vascular pathology. In our case of LHON 3460, vascular attenuation extended beyond the temporal peripapillary region and also involved the nasal peripapillary area. This supports the preferential involvement of the small axons comprising the PMB. However, the present study also illustrates that in cases of severe mitchondrial dysfunction such as in LHON 3460, surrounding peripapillary areas may also be secondarily involved. In conclusion, vascular changes may serve as useful objective measures of disease. To 2C) relative to the asymptomatic mother (Figure 2A) . Intriguingly, however, vascular attenuation was also seen in the nasal peripapillary region as well (orange circles). OCT cross-sections ( Figures 2D and 2F ) overlaying retinal flow showed significant perfusion defects in the temporal and nasal peripapillary nerve fiber layer in the affected patient ( Figures 2B and 2C : red arrows) relative to the asymptomatic mother, where perfusion was preserved in these correspoinding areas ( Figure 2D : green arrows).
Discussion
OCTA provides high-resolution, noninvasive visualization of the ONH and peripapillary microvasculature (13, 14) . We hereby characterize the vascular alterations associated with LHON 3460, the most severe of the three primary mtDNA mutations, as seen in an affected patient and compared with an asymptomatic carrier, serving as a control. Peripapillary vascular alterations, classically observed on funduscopy, have been referred to as hallmarks of LHON (9) (10) (11) 15) . OCTA of our affected LHON 3460 patient similarly exhibitted these hallmark features of circumpapillary microangiopathy, dilated tortuous vasculature, and significant capillary dropout in the temporal region, corresponding with the small axons of the papillomacular bundle (PMB) (15, 16) . Similar vascular changes have been reported in LHON 11778 and 14484 (15) (16) (17) . In contrast to 11778 and 14484 mutations, OCTA in our affected 3460 mtDNA patient illustrated significant vascular attenuation involving the nasal peripapillary region when compared date, clinical trials are solely in place for LHON 11778, the most common and least severe mutational subytype (4, 15) . Additional OCTA studies assessing the severity of vascular changes attributed to LHON mutational subtypes individually may be warranted to further understand LHON pathophysiology and navigate future directions for potential treatments of severe disease.
